(From the Physiological Laboratory of Prof. Y. Satake, Toltoku Imperial University, Sendai.)
The present paper forms the first report of our researches carried out in making a comparison of the colorimetric method of Folin , Cannon and Denis with that of Suto and Inouye for the determination of epinephrine in the suprarenal body.1)
I.
The comparison of the different methods of determination, in which the procedure of extraction differs as in both the methods referred to, will be impossible unless one begins with "identically the same materials" of the test object.
In the preceding communication we have compared each of the colorimetric methods with the rabbit intestine segment methods;2) but this kind of research does not afford any opportunity of comparing the two colorimetric methods with each other.
In order to meet this requirement liquid air has been used, after several trials, for the pulverizing and thoroughly mixing of the suprarenal medulla and cortex as well as of the whole gland.
At first we tried, parenthetically it may be stated, to triturate the medullary tissue with quartzsand and thereby to divide it into samples holding exactly the same percentage of epi nephrine, but in vain. The medullary tissue was thoroughly ground in a mortar with quartz
1) The second report by Watanabe and Sato (J. Biophysics 1927(-2S), 2, Proceed ings LI.) and the third report by Kojima, Saito, Suzuki, Nemoto and Sato (J. Bio physics, 28, 2, Proceedings in the press.) will be published later in this Journal.
2) Kojima and Saito, Tohoku J. Exp. Med., 1928, 10, 528. preparing identically uniform samples will be seen from the data epitomized below in Table I . While some of the experiments were performed in an attempt to test the availability of the liquid air method, with real success, the remainder were thereafter carried out for the comparison of the two colorimetric methods with each other. The latter instances may however also be here referred to in order to strengthen our argument for the re liability of this procedure, as in this set of experiments a number o f samples was also taken from the medullary powder prepared by means of liquid air for estimation by each of the both methods; the italicized qualification is originally of little importance for comparing both methods, and has been omitted in our further investigations.1)
From the bovine suprarenal medullary tissue powder, prepared with liquid air, a certain number of specimens were taken, some of them were extracted by Folin and then determined colorimetrically by Folin and by the rabbit intestine strip and the remainder were extracted by Suto and estimated by Suto and by the rabbit intestine method.
For the sake of criticising the liquid air method the values of epinephrine per unit weight of the medullary tissue of one animal, which were yielded by extracting and estimating by the same procedures, for example by extracting by Folin and estimating by the rabbit intestine segment, must be compared with each other.
The values in every set of determinations, quoted in Table I , practi cally show a satisfactory agreement with each other; namely the results indicate assuredly that the use of liquid air enables us to prepare the identi cally uniform specimens from organs or tissues. The material can be tho roughly pulverized and mingled in the frozen state by liquid air so as to ensure fair uniformity of such a degree that we are able to begin our com parison experiments.
The comparison of the values of various sets of extraction as well as determination will be made in the next section.
The tissue mass frozen with liquid air and thoroughly ground in a porcelain mortar does not appear as yet so fine as that treated with fine sand. Whether or not this matter would have any bearing upon the outcome of extraction was questioned and submitted to the test of experiment. Example I shows the results; the medullary tissue of an ox was rubbed in a mortar in the frozen stage by means of liquid air and divided into 5 specimens, as described above. F. 1 and S. 1 were extracted and estimated by Folin and by Suto respectively and in the others, F. 2 F. 3, and S. 2, the medullary tissue taken in the weighing flask was trans ferred into a mortar with the extracting fluid viz. n/10 HCl or saturated corrosive sublimate solution, and ground up thoroughly again with quartz sand, then treated and determined by Folin or Suto. A glance at the two small tables shows clearly that the samples treated with the quartzsand in addition to liquid air were found to contain no greater amount of epine pbrine than the others which were triturated with liquid air only.
EXAMPLE
I. Of these, 6 specimens were employed in Exp. VII in Table I .
In Suto's method.
In both the examples of the Folin's method 7.5 to 75 c.c. of a n/10 HCl solution per gram of the medullary tissue which were thoroughly pow dered and mingled by means of liquid air and divided into some portions of a similar amount for further treatment, were tried, and exactly the same content of epinephrine was noted for each example.
For Suto's method 150, 200 and 300 c.c. of the corrosive sublimate solution were employed per gram of the tissue in Example II and 100 to 300 c.c. in Example III. All specimens in each example were found as con taining a quite similar percentage of epinephrine.
From these results and some other determinations which are not quoted here, we used in the present as well as in subsequent investigations 30 times as much n/10 HC1 solution in the Folin's method and about 100 times or more as much HgCl2 solution in the Suto's method per gram of medullary tissue.
F. 9 and F. 10 in Example II have been related to in another place.
II.
In the present investigations, as may be already seen from the above account, a portion of the medullary tissue of the bovine suprarenal gland which being completely pulverized and mingled, was extracted and deter mined by the method of Folin, Cannon and Denis, and another portion by Suto and Inouye. And the values yielded by both methods were com pared with each other. Further, the extract obtained by each method was also determined on epinephrine at the same time by means of the rabbit intestine strip method.
In practising Folin's method, the original description was resorted to, except the quan tity of n/10 HCl solution for extraction; a somewhat larger amount, as above mentioned, was used. A standard uric acid solution was freshly made from uric acid Iiahlbaum for each experiment, and in fact contained 0.3 mgrm. uric acid in 1 c.c. In preparing the solu tion, according to Seidell,3) lithium carbonate was dosaged twice as much as the original description of Folin and others, to dissolve the uric acid completely in short time. That is, 0.03 grin. uric acid was dissolved with the aid of 6 c.c. of 0.4 per cent LiCO3 solution.
For the method of Suto and Inouye, their original colorimeter was employed. The colorimeter4) of one of us was devised later. In the present investigations, however it was so adjusted that the extract taken into the test tube for unknown solution did not contain so excessive an amount of epinephrine. Only Specimens 1 and 2 in Exp. III and Specimen 3 in Exp. VI in Table I , were found to contained a little more than 0.1 mgrm. epinephrine in 1 c.c. extract. Specimen 1 in Exp. III contained 0.12 mgrm. epinephrine in 1 c.c., Specimen 2, 0.11 mgrm., and the rest less than 0.11 mgrm.
The routine of Suto's method and of the rabbit intestine segment method are described in the previous papers.2)4) Only in the present researches the quantity of HgCl2 solution for extraction was taken as written in the preceding section.
As the standard for these two methods one and the same preparation of adrenalin chlo ride (1:1000) of Sankyo Co. was used. Before use its actual concentration was standarized by the uric acid standard solution according to Folin, Cannon and Denis.
The adrenaline hydrochloride solutions for preparing adrenaline-blood solutions in the rabbit intestine strip method are prepared as to containing certain amounts of its real value, so that the values of epinephrine yielded by that method need not to be corrected.
In practising the Suto's method, on the contrary, the standard solution was prepared by taking 0.05 c.c. of the preparation of Sank y o Co., and making it to 5 c.c. by adding 0.4 c.c. of sodium acetate and the saturated corrosive sublimate solution containing acetic acid; accordingly the figures obtained by Suto's method must be corrected to their real value by multiplying the ratio of the value of preparation to the uric acid standard. The values thus corrected can be first utilized to compare with those arrived at by Folin.
We designate here, in the table and protocol, the reading of the adrenalin chloride preparation of Sankyo Co. against the standard set at 20mm. as "adrenaline title," and express 20/ adrenaline title as "correction coefficient." By multiplying the found value by the "correction coefficient" the real value is achieved.
The experimentation bas been carried out on thesuprarenals of 7 cattle, the results of which are listed in Table I . The data are further epitomized in Table II , in order to enable us to make the comparison at a glance. Table I is given rather to show at the same time how the liquid air method can provide us with "identically uniform tissue mixing," as fully discussed in the previous section. A protocol given below will show precisely the procedures practised by us.
3) A. Seidell, J. Biol. Chem., 1918, 15, 198 The medulla of the suprarenals of an ox was employed. 21. IX. 1925. Cattle, ?? , 391 kilos, 3 years of age. 9:50 a.m., killed.
10:30 a.m., the suprarenals removed, weight of suprarenals, R 9 grins. L 9 grins. 10:55-11:15 a.m., suprarenals frozen with liquid air, the medullary tissue separated from the cortex, then pulverized thoroughly.
In Folin's extract.
Intestine tracings.* (Reduced to 1/2) Fig. 1 . a. F. I: Decidedly weaker than 0.0003 mgrm .; much stronger than 0.0002 mgrm. The data in Table I By the application of liquid air for pulverizing and mixing the medul lary tissue (cortex or whole gland) of the suprarenal body, we obtained the "identically uniform" material for comparing different methods of extrac tion and estimation for epinephrine, as those of Folin and Suto, with each other.
The values of epinephrine in the suprarenal medulla of cow and ox, obtained by Folin, Cannon and Denis and by Suto and Inouye, coin cide well with each other, especially in the averages, though there were noted some dissimilarities of a small degree in some individual cases. The values yielded by extracting by either Folin or Suto and estimating by the rab bit intestine segment method showed quite the same tendency.
It may be therefore concluded that both methods, Folin, Cannon and Denis, and Suto and Inouye, have the same valuation for extracting and estimating epinephrine in the bovine suprarenal medulla.
As to the ratio of the epinephrine content of the extract prepared by either Folin or Suto, determined colorimetrically by either Folin or Suto respectively to that estimated by the rabbit intestine strip method the present experiments yielded the same values as those given in our previous paper.2) Namely, the ratio of the colorimetrical value to the intestine value was noted as 1:2 in the averages for both the colorimetrical determinations taken alto gether.
